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© ion source device. 

CM 
« 

m ® An ion source device comprises a plasma gen- 
^erating vessel (I) for generating plasma therein, a 
tO plurality of magnets (2) arranged on an outer periph- 
0jery of the plasma generating vessel to establish a 

cusp field in the plasma generating vessel, means 
C4(6, 15, 22, 23) for supplying a power to generate the 
q plasma in the plasma generating vessel, and an 

anode electrode (10, 28, 30, 32, 42, SI, 63) arranged 
J] on an inner wall of the plasma generating vessel and 

adapted to be heated by electrons emitted from the 

plasma and maintain the heat 
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ION SOURCE DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to an ion source 
device, and more particularly to an ion source 
device suitable for generating reactive ions. 

in the ion source device, particularly in a high 
power ion source device, various discharges such 
as glow discharge, arc discharge and RF discharge 
are made in a low pressure discharge chamber to 
ionize gas in the discharge chamber so that ions 
are taken out of the plasma. 

In such an ion source device, magnetic cusp 
fields are formed in the discharge chamber in order 
to generate plasma having a highly spatial uniform- 
ity. (See JP-A-56-79900 and JP-A-57-185653.) 

In such a prior art device, an arc discharge is 
made by using a filament arranged in a pfasma 
vessel as a cathode and a wall of the plasma 
vessel as an anode to ionize introduced gas, and 
the plasma is confined in the space in the vessel 
by utilizing the magnetic cusp fields so that they 
are effectively utilized. Magnetic characteristics of 
permanent magnets for generating the magnetic 
cusp fields degrades. In order to prevent the deg- 
radation of the magnetic characteristics of the per- 
manent magnets for generating the magnetic cusp 
fields, the pfasma vessel is cooled to prevent the 
temperature of the permanent magnets from rising 
too high. 

However, in the ion source device utilizing the 
magnetic cusp fields, when compound gas (fluorine 
or chlorine compound) is Ionized to generate the 
plasma, electrical insulative high molecular product 
deposits on a wall of the plasma vessel by plasma 
polymerization reaction of the compound gas. 
Since the plasma vessel is an anode which is a 
positive electrode for a DC arc discharge, the di- 
scharge becomes unstable or discharge may be 
stopped and a basic operation of the ion source is 
interrupted and a stable discharge to the com- 
pound gas cannot be maintained. 



In accordance with one aspect of the present 
invention, the anodes are held on wails of a plasma 
vessel and/or an upper cover through a tow thermal 
conductivity material or member. 

5 In accordance with another aspect of the 
present invention, the anodes are shaped such that 
heat is prevented from conducting or dissipating 
from an area heated by the flow of electrons. 

In accordance with a further aspect of the 

10 present invention, the anodes are made of a ma- 
terial to which plasma product hardly deposits. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 

Fig. I shows a longitudinal sectional view of 
one embodiment of the present invention, 

Fig. 2 shows a perspective view of a major 
portion of Fig. I, 
20 Fig. 3 shows a sectional view of another 

embodiment of the major portion of Fig. 1, 

Figs. 4 and 5 show longitudinal sectional 
views of other embodiments of the present inven- 
tion, 

25 Fig. 6A shows a further embodiment of the 

present invention, 

Rg. 6B shows a plane view on the inside of 
the upper cover in Fig. 6A, 

Rg. 7 shows a sectional view taken along a 
30 line VII - VII in Rg. 6, 

Rg. 8 shows a graph of a plasma char- 
acteristic in a prior art device, 

Rg. 9 shows a graph of a plasma char- 
acteristic in the present invention, 
35 Rg. 10 shows a longitudinal sectional view of 

other embodiment of the present invention, 

Rg. II shows a sectional view taken along a 
line XI - XI in Rg. 10, 

Rgs. 12 to 15 show perspective views of 
40 embodiments of major portion of the present inven- 
tion. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide an ion source device which can maintain di- 
scharge to compound gas to generate stable plas- 
ma. 

In accordance with the ion source device of the 
present invention, anodes are constructed such that 
the anodes which are heated by flow of electrons 
accelerated by the plasma are kept at high tem- 
peratures. 



DESCRIPTION OF THE PREFERRED EMBODI- 
ES MENTS 

Rg. I shows a sectional view of one embodi- 
ment of the ion source device of the present inven- 
tion. The ion source device has a generally cylin- 
so drical plasma generating vessel I on an outer cir- 
cumference of which a plurality of permanent mag- 
nets 2 are arranged with alternate polarities. On the 
plasma generating vessel I, an upper cover 5 hav- 
ing a plurality of permanent magnets 3 and a gas 
inlet port 4 for introducing gas containing com- 



pound gas such as CF* (Tefrafluoromethane) or 
mixture of CF 4 and A,, is provided. The upper cover 
5 supports a cathode 6 which utilizes a hairpin-iike 
tangusten filament arranged on a center axis of the 
plasma generating vessel I. Ions in the plasma 
formed in the plasma generating vessel I are taken 
out as an ton beam shown by an arrow by elec- 
trodes 8 and 9 having a number of small apertures 
and radiated to a workpiece. 

The plurality of permanent magnets 2 are ar- 
ranged along the outer circumference of the vessel 
so that N poles and S poles thereof are directed to 
the center axis of the cylinder to establish mag- 
netic line cusp fields in the vessel. Water cooling 
pipes 7 are arranged between respective perma- 
nent magnets to prevent degradation of the perfor- 
mance of the permanent magnets due to the tem- 
perature rise. An anode electrode 10 is arranged in 
the plasma generating vessel I. The anode elec- 
trode 10 is made of nonmagnetic stainless steel 
having a thickness of 0.5 mm and constructed by a 
cylinder having a length of 150 mm which is split 
into two parts along a center axis (see Fig. 2). A 
magnetic material II made of iron is spot-welded to 
an outer circumference of the anode. The magnetic 
material II is attracted by the permanent magnets 2 
and held on the inner wall of the plasma generating 
vessel I so that the anode electrode 10 is fixedly 
held to the inner surface of the plasma generating 
vessel I. The anode electrode 10 is not limited to 
the two-element structure but it may be three- 
element, four-element or eight-element structure. 
The upper cover 5 also supports an anode elec- 
trode 10 of a disc shape which achieves the same 
function as the cylindrical anode electrode 10. 

Gas containing compound gas such as CF* or 
mixture of CF< and A, is introduced through the gas 
inlet port 4, and a DC voltage is applied across the 
cathode 6 having the tangusten filament and the 
anode 10 to ionize the gas by thermal electrons of 
the cathode 6 to generate the plasma. Ion beam is 
taken out from the plasma by the electrodes 8 and 
9 and it is radiated to the workpiece. 

As described above, by providing the anode 
electrode 10 in the plasma generating vessel I 
through the iron member II having a small sectional 
area, the anode 10 is electrically connected to the 
plasma generating vessel I and thermally insulated, 
and hence it is not cooled and the electrons accel- 
erated between the anode electrode 10 and the 
plasma flow into to heat the anode electrode 10. 
Accordingly, the anode electrodes 10 is kept at 
much higher temperature than the plasma generat- 
ing vessel I. As a result electrical insulative high 
molecular material generated by the discharge of 
the compound gas hardly deposits on the anode 
electrode 10 and unstable discharge and stop of di- 



scharge are prevented, and the basic operation of 
the ion source device is significantly improved, and 
stable discharge is maintained to the compound 
gas. 

5 When a large diameter plasma generating ves- 
sel I such as the inner diameter "600 mm" is used, 
hot anode electrode like the anode electrode 10 is 
necessary at the upper cover 5 because main di- 
scharge Is done between the upper cover 5 and 

to the cathode 6. When a portion of the magnetic 
material II which supports the anode electrode 10 is 
insulated by an insulative material 13 as shown in 
Fig. 3, a different potential than that of the plasma 
generating vessel I can be applied to the anode 

is electrode 10 from a power supply 14, Thus, an 
appropriate voltage can be applied to the anode to 
improve confinement of electrons or ions. At the 
beginning of the operation upon energization of the 
ion source device, the anode electrode 10 is at a 

20 room temperature and the insulative high molecular 
product may deposit on the anode electrode to 
cause the discharge unstable. In such a case, 
plasma is formed by A r gas or H2 gas to preheat 
the anode electrode 10. and after the anode elec- 

25 trode I0 has been heated, CF4 gas Is introduced to 
maintain stable discharge. By arranging a tempera- 
ture sensor such as a thermocouple on the anode 
electrode 10, it was confirmed that the stable di- 
scharge is attained when the anode electrode 10 is 

30 at ISO - 200 °C or higher. 

By keeping the anode electrode 10 at a high 
temperature, the deposition of the electrical in- 
sulative high molecular product is prevented but 
low molecular solid such as carbon deposits. Even 

35 in such a case, the anode electrode 10 can be 
readily exchanged or cleaned because the anode 
electrode 10 Is fixed by magnetic force. 

However, since the exchange or cleaning of the 
anode electrode 10 requires reevacuation of the 

40 plasma generating vessel I by a vacuum pump, a 
considerable time loss accompanies. When hydro- 
gen plasma is utilized, the high molecular product 
such as fluorine or chlorine deposited on the high 
temperature anode electrode 10 is decomposed by 

45 the reduction by the hydrogen ions and fluorine 
contained in carbon can be fed out of the system 
by a vacuum pump so that stable discharge is 
recovered and maintenance work such as ex- 
change or cleaning of the anode electrode 10 is 

so relieved. 

Fig. 4 shows other embodiment of the present 
invention. Instead of the cathode 6 having the tan- 
gusten filament shown in Fig. I, electrons taken out 
of the plasma by electrodeless discharge such as 

55 RF plasma or microwave plasma, and a hollow 
cathode are used. In the present embodiment a 
glass tube 16 having a gas inlet port 4 and an RF 
coil 15 is arranged at the center of the upper cover 
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5 of the plasma generating vessel having the per- 
manent magnets 3, through an electron take-out 
electrode Xt and an insulatfve spacer 18. Bectrons 
are generated in the glass tube and radiated into 
the plasma generating vessel I Other constructions 
are identical to those of the embodiment shown in 
fig. I. 

In the present embodiment stable discharge Is 
maintained. Because th re is no filament which is 
broken at 2000 °C - 3000°C, the exchange of the 
filament may be omitted. 

In an embodiment shown in Fig. 5, a workpiece 
20 is mounted at a position of the take-out elec- 
trodes 8 and 9 in the ion source device shown in 
Rg. I to expose the workpiece 20 directly to the 
plasma to enable etching. The same advantages as 
those in Rg. I are attained. Further, since the ions 
are not accelerated, the damage to the workpiece 
by the ion beam bombardment is minimum. 

Rgs. 6 and 7 show other embodiment of the 
present invention. Gas containing compound such 
as CF< or mixture of CFi and A, is introduced from 
the gas inlet port 4. The cathode 6 having the 
filament to which a current is supplied from a 
power supply 22 is arranged in the cylindrical 
plasma generating vessel I. A DC voltage is applied 
across the cathode 6 and the vessel I from a power 
supply 23, and the gas is ionized by thermal elec- 
trons emitted from the cathode 6 to form the plas- 
ma in the vessel t. Appropriate voltages are applied 
from power supplies 24 and 25 to the take-out 
electrodes 8 and 9 having a number of smalt 
apertures for taking out the ions from the plasma. 
The electrode 8 is connected to the vessel I 
through a resistor 26. A number of permanent 
magnets 2 establish a line cusp field 27 in the 
plasma generating vessel 1. Water cooling pipes 7 
are arranged around the permanent magnets 2 to 
prevent the degradation of the performance due to 
the temperature rise of the permanent magnets. 

On the inner wall of the plasma generating 
vessel I, an electrode 28 electrically connected to 
the vessel I is arranged along the inner circum- 
ference with the longitudinal direction thereof being 
oriented along the axis of the vessel I. The elec- 
trode 28 is preferably arranged at the center of the 
line cusp field, that is, inside of the permanent 
magnets 2. 

. The electrons emitted from the cathode 6 ion- 
ize the gas and move toward the inner wall of the 
vessel I which is the anode. They make spiral 
motion by the line cusp field 27 established by the 
permanent magnets 2. Most of them concentrate to 
the end of the electrode 28 at which magnetic 
fluxes and electric field concentrate. Accordingly, 
the end of the projection is continuously heated to 



a high temperature by the electron bombardment 
and joule heat so that the deposition of the elec- 
trical insulative reaction product is prevented and 
stable arc discharge is attained. 

5 Examples of discharge characteristics of prior 

art device and present device are shown in Rgs. 8 
and 9. They show relationships between the vol- 
tages of the arc power supply 23 and the arc 
currents at a constant filament current under CF* 

70 gas. 

Rg. 8 shows the discharge characteristic of the 
prior art device. At the beginning of discharge 
when the plasma generating vessel is not dirty, the 
arc discharge start at approximately 30 volts. After 

t5 the discharge at the arc voltage of 80 volts for 120 
minutes, the CF4 reaction product has been depos- 
ited on the inner wall of the plasma generating 
vessel so that the arc discharge is stopped if the 
arc voltage is dropped to 75 volts. In order to 

20 restart the arc discharge, the arc voltage must be 
raised to 95 volts. 

In the present device, as shown in Rg. 9 t the 
discharge starts at approximately 20 volts after 120 
minutes discharge, and stable arc discharge is 

25 attained with the arc voltage of 50 volts or higher. 

Rgs. 10 and II show other embodiment of the 
present invention. In the present embodiment, con- 
ductive support members 31 are arranged in the 
vessel I In which the permanent magnets 2 are 

30 arranged, and conductive wires 30 are spanned 
therebetween. The electrons concentrate to the 
wires 30 so that the wires 30 are kept at a high 
temperature. Further, the wires 30 can be arranged 
on the inside of the upper cover as shown in Rgs. 

35 6A and 68. 

In the embodiments so far explained, the pro- 
jections or wires are directly attached to the vessel. 
Alternatively, an anode having projections or wires 
may be arranged in the plasma vessel. 

AO fig. 12 shows an anode having projections 32 
which are fixed by rings 33. The anode is mounted 
such that the projections 32 generally align to the 
permanent magnets arranged on the vessel. In this 
manner, the advantage described above is attained. 

45 Rg. 13 shows an anode having conductive 
wires 42 spanned between rings 41 supported by 
support members 43. The conductive wires 42 are 
generally aligned to the permanent magnets ar- 
ranged on the vessel. 

so In the embodiments shown in Rgs. 12 and 13, 
the anode assembly can be taken out of the vessel 
and the maintenance of the anode is facintated. 

Rgs. 14 and 15 show other embodiments of the 
anode. In Rg. 14, projections 51 are formed on the 

55 inner circumference of the conductive cylinder 52. 
In Rg. 15, conductive wires 63 are spanned be- 
tween support members 62 formed on the inner 
circumference of the conductive cylinder 61. The 



4 



projections 51 or the conductive wires 62 are gen- 
erally afigned to the permanent magnets arranged 
on the plasma vessel. Thus, stable arc discharge is 
"attained by the reason described above. Further, 
since the inner wait of the plasma generating ves- 
sel is covered by the cylinder, the inner wall of the 
plasma generating vessel is not contaminated by 
the discharge. Accordingly, when the type of di- 
scharge gas is to be changed, the affect by the 
previous gas is eliminated by simply exchanging 
the anode. 

in the embodiments shown in Figs. 6, 10 and 12 
- 15, the projections or the like are provided on the 
cylinder of the plasma generating vessel I, where 
the permanent magnets are arranged not only on 
the circumference of the cylinder of the vessel I but 
also on the upper cover 5 as shown in Figs. I, 4 
and 5, the projections may also be provided on the 
vacuum vessel near the magnets in order to im- 
prove the confinement efficiency of the plasma. 
When the projections are made of material having 
a lower conductivity than copper, the joule heat can 
be effectively utilized. When the projections are 
made of magnetic material, the magnet poles of 
the cusp fields completely align with the incident 
positions of electrons. 

In the above embodiments, at the beginning of 
generation of plasma, the anode electrode 10 or 
projecting electrodes 28 have not yet been fully 
heated and the plasma product may deposit on 
those electrodes. Even after the anode electrodes 
have been heated, it is not assured that no plasma 
product deposit on those electrodes, but certain 
amount of plasma product may deposit. In such a 
case, when the type of gas to be ionized is 
changed, the plasma product deposited in the pre- 
vious step evaporate and it is mixed with the newly 
produced plasma product to result in an undesira- 
ble product Accordingly, when the anode electrode 
is exchanged or cleaned, the vessel must be evac- 
uated by the vacuum pump and a considerable 
time is required for that work. In a further embodi- 
ment of the present invention, the anode electrode 
is made of such a material that will react with the 
plasma product deposited on the anode electrode 
to produce a compound which is readily vaporized. 
For example, the anode electrode 10, projecting 
electrodes 28, 32, 5i or wires 30, 42,' 63 are made 
of molybdenum Mo and the gas CFi is introduced 
into the plasma generating vessel I to generate 
plasma. Thus, on the surface of the heated anode 
electrode, MoFe is produced by the following reac- 
tion. 

3CFd + 2Mo - 3C + 2MoF fi 

Trie MoFe is readily vaporized because the anode 
electrode is heated to a very high temperature, and 



it is removed with the ion beam. In this manner, the 
plasma product deposited on the anode electrod 
reacts with the electrode and the deposition of the 
plasma product to the anode electrode is materially 

5 reduced. As a result the plasma product is hard to 
deposit on the anode electrode and stable plasma 
characteristic is attained. 

In the present embodiment, the anode elec- 
trode is made of molybdenum although other ma- 

io terial such as tangusten which reacts with the plas- 
ma product to produce a compound which is read- 
ily vaporized may be used. 



75 Claims 

1. An ion source device comprising: 

a plasma generating vessel (I) and/or an upper 
cover (5) for generating plasma therein; 
20 a plurality of magnets (2, 3) arranged around an 
outer periphery of said plasma generating vessel 
and/or said upper cover to establish magnetic cusp 
fields In said plasma generating vessel; 

means (6, 15, 22, 23) for supplying a power to 
25 generate the plasma in said plasma generating 
vessel; and 

an anode electrode (10, 28, 30, 32, 42, 51, 63) 
and/or an anode electrode at said upper cover, 
arranged on an inner wall of said plasma generat- 
30 ing vessel and/or said upper cover and adapted to 
be heated by electrons emitted from the plasma 
and maintain the heat 

2. An ion source device according to Claim t 
wherein said anode electrode comprises linear 

35 areas (28, 30, 32, 42, 51, 63). 

3. An ion source device according to Claim 2 
wherein said linear areas are formed by projections 
(28, 32, 51) or wires (30. 42. 63). 

4. An ion source device according to Claim 2 
40 or 3 wherein said linear areas are arranged on the 

inner wall of said plasma generating vessel at posi- 
tions facing said magnets. 

5. An ion source device according to claim 4 
wherein said linear areas are made of magnetic 

45 material. 

6. An ion source device according to any of 
Claims I to 5 further comprising a member (II, 30. 
33, 41, 52, 61, 62) for supporting said anode elec- 
trode to said plasma generating vessel. 

so 7. An ion source device according to Claim 6 

wherein said member is made of an essentially 
thermally insulative material, or of an electrically 
conductive material, or of a magnetic material. 
8. An ion source device according to Claim 6 

55 wherein said member includes an insulator (13) for 
insulating said plasma generating vessel from said 
anode electrode and a power supply (14) for sup- 
plying a voltage to said anode electrode. 
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9. An ion source device according to any of 
Claims I to 8 wherein said anode electrode is 
divided into a plurality of sections. 

to. An ion source device according to any of 
Claims I to 9 wherein said anode electrode Is made 
of a relatively low conductivity material, or of a 
material (preferably molybdenum or tungsten) 
which reacts with a material produced in the plas- 
ma to produce a compound which is readily vapor- 
ized. 

• II. An ion source device according to any of 
Claims I to 10 wherein the electrons are generated 
by electrodefess discharge. 

12. An ion source device according to any of 
Claims I to II further comprising a cath- 
ode.preferabry in the form of a filament for emitting 
electrons into said plasma generating vessel. 

13. An ion source device according to any of 
Claims I to 12 further comprising a take-out elec- 
trode (8, 9) for taking out an ion beam from the 
plasma for irradiation to a workplace. 

14. An ion source device according to any of 
Claims I to 13 wherein said plasma is irradiated 
directly to a workplace. 
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